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(57) A gallium-nitride-based blue light emitting ele- 
ment that is manufacturable through a small number of 
processes and a method of manufacturing the same are 
disclosed. A first gallium-nitride-based semiconductor 
layer containing impurities of a first conductivity type, a 
gallium-nitride-based semiconductor active layer that is 
substantially intrinsic, and a second gallium-nitride- 
based semiconductor layer containing impurities of a 
second conductivity type that is opposite to the first con- 
ductivity type are formed according to a thermal CVD 
method and are left in an inert gas to cool by them- 
selves. 
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Description 

Technical Field 

The present invention relates to a blue light emitting 
element employing a gallium-nitride-based compound 
semiconductor and a method of manufacturing the 
same. 

Background Art 

Gallium-nitride-based compound semiconductors 
such as QaN, InGaN, and GaAIN are drawing attention 
as materials for fabricating blue light emitting diodes 
(LEDs) and blue laser diodes (LDs). This kind of com- 
pound semiconductor is capable of emitting blue light of 
an intensity seldom achieved before. 

A blue light emitting element employing a gallium- 
nitride-based compound semiconductor is disclosed in, 
for example. Japanese Unexamined Patent Publication 
No. 4-321280. Figure 7 shows the basic structure of a 
blue light emitting element 2 according to a prior art. On 
a sapphire substrate 200, a buffer layer 201 is formed. 
On the buffer layer 201, an n-type GaN semiconductor 
layer 202 and a p-type GaN semiconductor layer 203 
are formed. Between the layers 202 and 203, there is a 
depletion layer to which carriers are injected to emit 
light 

The blue light emitting element is manufactured by 
growing crystals on a sapphire substrate according to a 
CVD method and by forming gallium nitride semicon- 
ductor layers on the substrate. The substrate is properly 
cut into chips. Each chip is connected to a wire frame, 
and wiring is made to complete a device. 

A natural cooling process in an inert gas is dis- 
closed in Japanese Unexamined Patent Publication No. 
8-125222. To replace an atmospheric gas at room tem- 
perature with an inert gas, according to this disclosure, 
a reactive tube is evacuated under a high temperature. 
This high temperature may grow a substrate. When 
evacuating the reactive tube, the grown crystals may 
evaporate. As a result, no grown crystals may be left, or 
the crystallized film may be thinned. 

In the gallium-nitride-based blue light emitting ele- 
ment of the prior art. impurities in the semiconductor 
layers are not sufficiently activated. Accordingly, the 
prior art needs an after-treatment of thermal annealing. 

The thermal annealing increases the number of 
processes and processing time. Since the gallium 
nitride semiconductor is exposed to a high temperature 
of 600°C or more for a long time, nitrogen may escape 
from crystals and deteriorate surface homology. This 
results in changing semiconductor properties and dete- 
riorating blue light emitting efficiency and yield. 

Disclosure of Invention 

An object of the present invention is to provide a 
gallium-nitride-based blue light emitting element involv- 



ing a small number of manufacturing processes, and a 
method of manufacturing the same. 

Another object of the present invention is to provide 
a gallium-nitride-based blue light emitting element real- 
5 izing high yield, and a method of manufacturing the 
same. 

Still another object of the present invention is to 
provide a gallium-nitride-based blue light emitting ele- 
ment proper for mass-production.and a method of man- 
to ufacturing the same. 

Still another object of the present invention is to 
provide a gallium-nitride-based blue light emitting ele- 
ment realizing high-intensity light and low power con- 
sumption, and a method of manufacturing the same. 

15 In order to accomplish these objects, the present 
invention provides a blue light emitting element consist- 
ing of a first gallium-nitride-based semiconductor layer 
containing impurities of a first conductivity type, a gal- 
lium-nitride-based semiconductor active layer that is 

20 substantially intrinsic, and a second gallium-nitride- 
based semiconductor layer containing impurities of a 
second conductivity type that is opposite to the first con- 
ductivity type. The first and second gallium-nitride- 
based semiconductor layers and gallium-nitride-based 

25 semiconductor active layer are formed according to a 
thermal CVD method and are left in an inert gas to cool 
by themselves, so that seven percent or more of the 
impurities are activated. 

The present invention also provides a method of 

30 manufacturing a blue light emitting element including 
the steps of forming, according to a thermal CVD 
method in a vacuum chamber, a first gallium-nitride- 
based semiconductor layer containing impurities of a 
first conductivity type, a gallium-nitride-based semicon- 

35 ductor active layer that is substantially intrinsic, and a 
second gallium-nitride-based semiconductor layer con- 
taining impurities of a second conductivity type that is 
opposite to the first conductivity type, and leaving the 
layers in an inert gas so that the layers may cool by 

40 themselves. 

The present invention involves simple processes 
without thermal annealing and improves yield. The gal- 
lium-nitride-based compound semiconductor blue light 
emitting element of the present invention produces 

45 high-intensity light with small power consumption. 

Brief Description of Drawings 

Figure 1 is a sectional view showing the structure of 
so a gallium-nitfide-based compound semiconductor 
blue light emitting diode chip according to the 
present invention; 

Fig. 2 is a schematic view showing a CVD appara- 
tus for forming a gallium-nitride-based compound 
55 semiconductor blue light emitting diode chip 
according to the present invention; 
Fig. 3 is a graph showing temperature changes 
when manufacturing a gallium-nitride-based com- 
pound semiconductor blue light emitting diode 
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according to the present invention; 
Fig. 4 shows a gallium-nitride-based compound 
semiconductor blue light emitting diode according 
to another embodiment of the present invention; 
Fig. 5 shows a gallium-nitride-based compound s 
semiconductor blue light emitting diode employing 
a semiconductor laser according to the present 
invention; 

Fig. 6 shows another gallium-nitride-based semi- 
conductor blue light emitting diode employing a 
semiconductor laser according to the present 
invention; and 

Fig. 7 is a sectional view showing the structure of a 
gallium-nitride-based compound semiconductor 
blue light emitting diode chip according to a prior 
art. 

Best Mode for Carrying Out the InventiQn 

A method of manufacturing a gallium-nitride-based 
compound semiconductor blue light emitting diode 
according to the present invention will be explained with 
reference to Fig. 1. 

The gallium-nitride-based compound semiconduc- 
tor blue light emitting diode 1 has a sapphire substrate 
100. On the substrate 100, a gallium-nitride-based sem- 
iconductor buffer layer 101 and a gallium-nitride-based 
n-type semiconductor contact layer 102 are formed. On 
the layer 102, a gallium-nitride-based n-type semicon- 
ductor clad layer 103, a gallium-nitride-based semicon- 
ductor active layer 104, a gallium-nitride-based p-type 
semiconductor clad layer 105, and a gallium-nitride- 
based p-type semiconductor contact layer 106 are 
formed. An electrode 1 08 is formed in contact with the 
layer 102. An electrode 107 is formed in contact with the 
layer 105. 

The present invention employs InAIGaN compound 
semiconductor as the gallium-nitride-based semicon- 
ductor. This semiconductor is capable of emitting a wide 
range of blue light by adjusting the composition thereof. 
Examples of compositions will be explained. The com- 
position of InAIGaN compound semiconductor is 
expressed as InxAlyGa^.x.^N, where 0£x£l,0£y£ 
1, and x + y £ 1. 

The gallium-nitride-based n-type semiconductor 
buffer layer 101 relaxes lattice mismatch between the 
gallium-nitride-based semiconductor contact layer 102 
and the sapphire substrate 100. Values for the parame- 
ters of ln x AI y Ga(i_ x _y)N are, for example, 0 £ x £ 1 and 0 
£ y £ 1 , preferably, 0^x^0.5 and 0 <, y £ 0.5. 

The gallium-nitride-based n-type semiconductor 
contact layer 102 serves as a contact surface for the 
electrode 108. Values for the parameters of ln x Al y Ga {1 . 
x .y)N for the layer 102 are, for example, 0 ^ x <. 1 and 0 
£ y <> 1 , preferably, 0 <> x <> 0.3 and 0 <> y <> 0.3. To make 
the layer be of n-type, impurities such as silicon and 
selenium are added thereto at an impurity concentration 
oi6x10 18 cm' 3 

The gallium-nitride-based n-type semiconductor 



clad layer 103 forms the n side of a pin junction that 
forms a light emitting region. Values for the parameters 
of ln x A! y Ga( 1 . x . y )N are properly adjusted according to a 
required wavelength of light and are, for example, 0 <, x 
£ 1 and 0 £ y £ 1, preferably, 0 s x s 0.3 and 0.1 £ y £ 1. 
To make the layer be of n-type, impurities such as sili- 
con and selenium are added thereto at an impurity con- 
centration of 3 x 10 18 cm" 3 . 

The gallium-nitride-based semiconductor active 
layer 104 is substantially an intrinsic semiconductor 
layer that forms a main part of the light emitting region. 
Values for the parameters of ln x AJ y Ga( 1 . x .y)N are prop- 
erly adjusted according to a required wavelength of light 
and are, for example, 0 £ x ^ 1 and 0 ^ y £ 1 , preferably, 
0 <, x £ 0.6 and 0 £ y £ 0.5. 

The gallium-nitride-based p-type semiconductor 
dad layer 105 forms the p side of the pin junction that 
forms the light emitting region. Values for the parame- 
ters of ln x Al y Ga(i. x . y )N are properly adjusted according 
to a required wavelength of light and the gallium-nitride- 
based n-type semiconductor clad layer 103 and gallium- 
nitride-based semiconductor active layer 104 and are, 
for example, 0 <. x <> 1 and 0 <, y £ 1. preferably, 0 £ x <> 
0.3 and 0.1 £ y £ 1.0. To make the layer be of p-type. 
impurities such as magnesium, beryllium, and zinc are 
added thereto at an impurity concentration of 3 x 10 18 
cm' 3 . 

The gallium-nitride-based p-type semiconductor 
contact layer 106 serves a contact surface for the elec- 
trode 107. Values for the parameters of ln x Al y Ga( 1 . x . y )N 
are, for example, 0 <, x ^ 1 and 0 <> y <> 1 , preferably, 0 £ 
x ^ 0.3 and 0 <> y ^ 0.3. To make the layer be of p-type, 
impurities such as magnesium, beryllium, and zinc are 
added thereto at an impurity concentration of 8 x 10 18 
cm' 3 . 

The electrode 107 is a transparent electrode with 
respect to the gallium-nitride-based semiconductor 
active layer 104. More predsely. it is a compound of 
metal such as ITO (indium tin oxide) and oxygen, or it 
may be a very thin film of metal such as Al and Ni. 

The other electrode 1 08 is not necessarily transpar- 
ent. It may be made of metal such as Ti, Al, and Ni. 

The values mentioned above for the parameters of 
ln x AlyGa( 1 . x .y)N are set so that the band gap of each of 
the gallium-nitride-based n-type semiconductor clad 
layer 103 and gallium-nitride-based p-type semiconduc- 
tor clad layer 105 is larger than that of the gallium- 
nitride-based semiconductor active layer 104. This 
results in an increase in the number of carriers that are 
injected into the layer 104, to further improve the inten- 
sity of emitted light. 

These gallium-nitride-based semiconductor layers 
are formed on the sapphire substrate according to, for 
example, the thermal CVD method. Figure 2 shows a 
CVD apparatus. This apparatus has a vacuum chamber 
20, a substrate holder 21 disposed in the chamber, a 
reactive gas introducing pipe 22, an evacuation pipe 23, 
and a high-frequency coil (not shown) for heating a sub- 
strate set on the holder 21. 
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At first, a sapphire substrate 100 is set on the sub- 
strate holder 21. The vacuum chamber 20 is evacuated 
from 760 to 1 Torr. Then, high-frequency heating is 
started, and a reactive gas containing organic metal is 
introduced. The reactive gas may contain Ga(CH 3 ) 3 , s 
ln(CH 3 ) 3 , AI(CH 3 ) 3 , and NH 3 and is introduced with a 
carrier gas containing hydrogen and nitrogen. A reac- 
tion pressure is about 760 Torr. 

In this way, gallium-nitride-based semiconductor 
material is formed. The composition of the reactive gas 10 
is properly changed to adjust the composition of each 
layer as desired. Impurities are added by properly intro- 
ducing SiH 4 and CP 2 Mg. 

Figure 3 shows temperature changes in the vac- 
uum chamber 20 when forming the gallium-nitride- is 
based semiconductor. The temperature of the substrate 
is increased to within the range 1000°C to 1400°C 
(inclusive), for example to 1200°C, to form a gallium- 
nitride-based semiconductor buffer layer. The tempera- 
ture is dropped by an amount of from 50°C to 200°C, 20 
down to a temperature of 800°C to 1200°C. For exam- 
ple, the temperature is dropped from 1200°C to 1 100°C 
to form a n-type contact layer and an n-type clad layer 
by adding proper impurities. To form an active layer, the 
temperature is dropped by a amount of from 300°C to 25 
600°C. For example, the temperature is dropped from 
1100°C to a temperature in the range 900°C to 600°C 
(inclusive). Lastly, the temperature of the substrate is 
increased to the first temperature, for example, 1 100°C 
to form a p-type clad layer and a p-type contact layer, 30 
thereby completing the element. 

The present invention completely replaces the 
reactive gas in the vacuum chamber 20 with an inert 
gas. The inert gas is preferably nitrogen, or may be He 
or Ar. 35 

After the vacuum chamber 20 is filled with the inert 
gas, the pressure of the chamber is adjusted to 600 to 
900 Torr, for example, 760 Torr. This state is maintained 
for two to three hours. Then, the temperature of the sub- 
strate drops to room temperature, for example, 25°C. 40 
The sapphire substrate is removed from the vacuum 
chamber 20. 

The sapphire substrate removed from the vacuum 
chamber 20 is properly cut by diamond cutter into many 
chips. Each chip forms a blue light emitting element that 45 
emits light having sufficient intensity. Accordingly, there 
is no need for a thermal annealing after-treatment. 

Since there is no need to carry out the thermal 
annealing after-treatment on the sapphire substrate 
taken out of the vacuum chamber 20, the present inven- so 
tion simplifies manufacturing processes and shortens 
the manufacturing time. The intensity of light emitted 
from the produced element is higher than that of the 
prior art. 

The reason for this will be explained. The prior art ss 
activates impurities by thermal annealing. Actual meas- 
urements on prior art devices show, however, that only 
about one percent of the impurities are activated. The 
remaining 99 percent is not only useless but also inter- 



fering because it causes lattice defects to act as carrier 
traps. Namely, injected carriers are mostly trapped 
thereby and do not work to emit light. 

On the other hand, actual measurements on the 
present invention show that seven percent or more, usu- 
ally about 10 percent of injected carriers are activated. 
In this way, the present invention activates many carri- 
ers and reduces resistance, to drop power consump- 
tion. 

Figure 4 is a sectional view showing the structure of 
a light emitting diode 500 according to another embodi- 
ment of the present invention. A method of manufactur- 
ing the light emitting diode 500 will be explained with 
reference to the figure. 

A sapphire substrate 501 having a plane c as a 
principal plane is cleaned for organic and acid matter. ✓ 
The substrate is set on a susceptor to be heated in an 
MOCVD apparatus. Heating is carried out by a resistive 
or inductive heater. 

Oxygen is supplied to the sapphire substrate 501 at 
a rate of 10 L/min, and the substrate is heat-treated at 
1100°C for about 10 minutes to remove process dam- 
age and oxides from the surface thereof. 

The temperature is dropped to 550°C, and hydro- 
gen at 15 L/min, nitrogen at 5 L/min. ammonia at 10 
L/min, and TMG (trimethyl gallium) at 25 cc/min are 
supplied for four minutes to form a GaN buffer layer 502 
of 30 nm thick. 

The TMG is stopped, and the temperature is 
increased up to 1100°C at a speed of 50°C/min or 
slower. If the rate of temperature increase is faster than 
50°C per minute, the surface of the buffer layer 502 will 
be roughened to form irregularities on the surface of a 
monocrystalline layer. 

The temperature is kept at 1100°C, and hydrogen 
at 15 L/min, nitrogen at 5 Umin, ammonia at 10 L/min, 
and TMG at 100 cc/min are supplied to form a gallium- 
nitride-based monocrystalline semiconductor (GaN) 
buffer layer 503 of 1.8 nm thick. 

The temperature is kept at 1100°C. and a silane 
gas is added at 10 cc/min for 130 minutes to the mate- 
rial gas, to form an n-type GaN contact injection layer 
504 of 4 jim thick. 

The TMG, silane gas, and hydrogen are stopped, 
and the temperature is dropped down to 780 °C. 

The temperature is kept at 780°C, and nitrogen at 
20 L/min, hydrogen at 100 cc/min, ammonia at 10 
L/min, TMG at 12 cc/min, TMI (trimethyl indium) at 150 
cc/min, silane gas at 3 cc/min, and DMZ (dimethyl zinc) 
at 20 cc/min are supplied for six minutes to form an 
InGaN semiconductor active layer 505 of 0.2 urn thick 
serving as a light emitting layer. 

Nitrogen at 20 L/min, hydrogen at 100 cc/min, and 
ammonia at 1 0 L/min are supplied, and the temperature 
is increased up to 1 100°C. 

The temperature is kept at 1 100°C, and nitrogen at 
20 L/min, hydrogen at 150 cc/min, ammonia at 10 
L/min, TMG at 100 cc/min, and Cp2Mg (cyclopentadi- 
enyl magnesium) at 50 cc/min are supplied for 10 min- 
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utes to form a p-type GaN contact injection layer 506 of 
0.3 fxm thick 

Although the p-type layer is single in this embodi- 
ment, it Is possible to separately form a contact layer 
and an injection layer. In this case, the contact layer is 5 
made from GaN and the injection layer from AIGaN so 
that the contact layer may have a higher carrier concen- 
tration than the injection layer. 

The supplied gas is switched to nitrogen at 30 
L/min, and the temperature is dropped to room temper- 10 
ature. As a result, the p-type GaN layer shows an acti- 
vation ratio of 8% with respect to an Mg concentration of 
3 x 10 19 cm" 3 . The activation ratio is obtained by stand- 
ardizing an acceptor concentration according to an Mg 
concentration. If the temperature is dropped to 400°C is 
with nitrogen at 20 LVmin and ammonia at 10 L/min, and 
from 400°C to room temperature with only nitrogen at 
30 L/min, an activation ratio of 7% or greater is secured. 

Generally, gallium-nitride-based semiconductor 
has the problem of denitrification. To prevent the prob- 20 
lem, a compound that produces nitrogen ions instead of 
nitrogen itself is effective. This is the reason why ammo- 
nia is used in addition to nitrogen. If the ammonia is too 
much, hydrogen will reversely affect strongly. According 
to experiments, a preferable ratio of nitrogen to ammo- 2s 
nia is 2:1. 

The layer structure thus formed is heat-treated at 
750°C for one minute to further increase the carrier con- 
centration in the p-type layer 506 and realize p-type 
crystals of 2 x 1 0 17 cm' 3 . 30 

The layer structure is patterned with the use of, for 
example, Si0 2 and is etched according to a reactive ion 
etching (RIE) method using Cl 2 and BCI3 to expose a 
part of the n-type GaN layer 504. 

An electrode for the p-type layer 506 is formed by 35 
depositing Ni for 20 nm and gold for 400 nm (510 in Fig. 
4) according to a known vacuum deposition method and 
sputtering method. An electrode for the n-type layer 504 
is formed by depositing Ti for 20 nm and gold for 400 nm 
(51 1 in Fig. 4). The electrode for the p-type layer may be 40 
not only the laminated structure of Ni/Au but also a mon- 
olayer of Pd, Ti, Pt, or In, a laminated structure thereof 
with Ni and Au, or an alloy thereof. The electrode for the 
n-type layer may be made of Ti and Au, a monolayer of 
Al or In, a laminated structure including Ti and Au, or an 45 
alloy thereof. 

On the p-type electrode 510, a protection film of 
Si0 2 is formed, to complete the element. 

Although the embodiment relates to a light emitting 
diode, the gist of the present invention is the method of so 
manufacturing a p-type layer. Accordingly, the present 
invention is applicable to a semiconductor laser employ- 
ing GaN-based semiconductor. 

Figure 5 shows the structure of a blue light emitting 
element employing such a semiconductor laser. 55 

On a sapphire substrate 701, there are formed a 
gallium-nitride-based semiconductor buffer layer 702, a 
gallium-nitride-based n-type semiconductor contact 
layer 703, a gallium-nitride-based n-type semiconductor 



layer 704, a gallium-nitride-based n-type semiconductor 
clad layer 705, a gallium-nitride-based semiconductor 
active layer 706, a gallium-nitride-based p-type semi- 
conductor clad layer 707, a gallium-nitride-based p-type 
semiconductor layer 708, a gallium-nitride-based p-type 
semiconductor layer 709, and a gallium-nitride-based p- 
type semiconductor contact layer 710. 

Similar to the embodiment of Fig. 4, a part of the 
structure is etched according to the reactive ion etching 
method to partly expose the surface of the gallium- 
nitride-based n-type semiconductor contact layer 703. 
On the exposed surface, Ti, Au, Ti, and Au are lami- 
nated in this order to form an n-type electrode. The 
thicknesses thereof are 200 nm, 4000 angstroms, 200 
urn. and 1 urn, respectively. A p-type electrode 71 1 may 
be formed by laminating Pd. Ti, Pt. and Ti in this order. 
The thicknesses thereof are 200 urn, 4000 angstroms, 
200 um, and 1 um, respectively. 

The gallium-nitride-based semiconductor active 
layer 706 is made of In^Ga^.xjN compound semicon- 
ductor having a quantum well structure. The layer is 
made by alternately laminating a film of 25 angstroms 
thick with x = 0.05 and y = 0.95 and a film of 25 ang- 
stroms thick with x = 0.20 and y = 0.80 about 20 times, 
to form a multilayer quantum well. 

Any other gallium-nitride-based semiconductor 
layer is basically made of GaN. Examples of thick- 
nesses are 70 um for the sapphire substrate 701, 500 
angstroms for the gallium-nitride-based semiconductor 
buffer layer 702, 4 urn for the gallium-nitride-based n- 
type semiconductor contact layer 703, 0.3 um for the 
gallium-nitride-based n-type semiconductor layer 704, 
0.2 um for the gallium-nitride-based n-type semiconduc- 
tor clad layer 705, 0.2 um for the gallium-nitride-based 
p-type semiconductor clad layer 707, 0.3 um for the gal- 
lium-nitride-based p-type semiconductor layer 708. 0.9 
um for the gallium-nitride-based p-type semiconductor 
layer 709, and 0.1 um for the gallium-nitride-based p- 
type semiconductor contact layer 710. 

Examples for impurity concentrations are 2 x 10 18 
cm* 3 for the gallium-nitride-based n-type semiconductor 
contact layer 703, 5 x 10 17 cm' 3 for the gallium-nitride- 
based n-type semiconductor layer 704. 5 x 10 17 cm* 3 for 
the gallium-nitride-based n-type semiconductor clad 
layer 705, 5 x 10 17 cm' 3 for the gallium-nitride-based p- 
type semiconductor clad layer 707, 5 x 10 17 cm* 3 for the 
gallium-nitride-based p-type semiconductor layer 708, 3 
x 10 18 cm" 3 for the gallium-nitride-based p-type semi- 
conductor layer 709, and 2 x 10 19 cm* 3 for the gallium- 
nitride-based p-type semiconductor contact layer 710. 

After the galliunvnitride-based p-type semiconduc- 
tor layer 708 is formed, the reactive ion etching method 
may be used to etch up to the gallium-nitride-based n- 
type semiconductor contact layer 703. The etched part 
is filled with a GaN layer of high resistance with Zn, to 
limit a resonance part. An example of this kind of struc- 
ture is shown in Fig. 6. A high-resistance GaN layer 800 
contains Zn of 2 x 10 18 cm* 3 in concentration. 
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Industrial Applicability 

As explained above, the present invention provides 
a gallium-nitride-based compound semiconductor blue 
light emitting element that is manufactured through sim- 
ple processes at high yield. 

The gallium-nitride-based compound semiconduc- 
tor blue light emitting element of the present invention 
provides high-intensity light at low power consumption. 

Claims 

1. A blue light emitting element comprising a first gal- 
lium-nitride-based semiconductor layer containing 
impurities of a first conductivity type, a gallium- 
nitride-based semiconductor active layer that is 
substantially intrinsic, and a second gallium-nitride- 
based semiconductor layer containing impurities of 
a second conductivity type that is opposite to the 
first conductivity type, the first and second gallium- 
nitride-based semiconductor layers and gallium- 
nitride-based semiconductor active layer are 
formed according to a thermal CVD method and 
are left in an inert gas to cool by themselves, so that 
seven percent or over of the impurities are acti- 
vated. 

2. The blue light emitting element of claim 1 , wherein 
the first and second gallium-nitride-based semicon- 
ductor layers ad gallium-nitride-based semiconduc- 
tor active layer are formed on a sapphire substrate. 

3. The blue light emitting element of claim 1 , wherein 
a gallium-nitride-based semiconductor buffer layer 
of the first conductivity type is formed between the 
sapphire substrate ad the first gallium-nitride-based 
semiconductor layer. 

4. A method of manufacturing a blue light emitting ele- 
ment, comprising the steps of forming, in a vacuum 
chamber, a first gallium-nitride-based semiconduc- 
tor layer containing impurities of a first conductivity 
type, a gallium-nitride-based semiconductor active 
layer that is substantially intrinsic, and a second 
gallium-nitride-based semiconductor layer contain- 
ing impurities of a second conductivity type that is 
opposite to the first conductivity type, and leaving 
the layers in an inert gas so that the layers may cool 
by themselves. 

5. A method of manufacturing a blue light emitting ele- 
ment, comprising the steps of inserting a substrate 
into a vacuum chamber, heating the substrate up to 
1000°C to 1400°C to form a gallium-nitride-based 
semiconductor buffer layer, decreasing the sub- 
strate temperature by 50°C to 200°C to form an n- 
type contact layer and an n-type clad layer each 
made of gallium-nitride-based semiconductor con- 
taining impurities, further decreasing the substrate 



temperature by 300°C to 600°C to form a gallium- 
nitride-based semiconductor active layer, heating 
the substrate 1000°C to 1400°C to form a p-type 
dad layer and a p-type contact layer, replacing a 

5 reactive gas in the vacuum chamber with an inert 
gas, adjusting an internal pressure of the vacuum 
chamber to 600 to 900 Torr, for example, 760 Torr, 
and leaving the vacuum chamber as it is for two to 
three hours to cool the substrate by itself down to 

10 room temperature. 

6. The method of manufacturing a blue light emitting 
element, wherein the inert gas is of nitrogen, He or 
Ar. 

15 

7. A method of manufacturing a blue light emitting ele- 
ment having a sapphire substrate, a GaN buffer 
layer, an ln x Al y Ga 2 N (x + y + z<s1,0£x£l,0£y 
£ 1, 0 £ z £ 1) semiconductor layer having a first 

20 conductivity type, an ln x Al y Ga z N (x + y + z^1,0^ 
x£1,0£y£l,0£z£l) ( semiconductor active 
layer having the first conductivity type, and an ln x A- 
l y Ga z N (x + y + z£l,0£x£1,0<;yi£l ( 02£z<£l) 
semiconductor layer having a second conductivity 

25 type, comprising the step of forming a p-type ln x A- 
l y Ga 2 N (x + y + z<£ 1, Ozxz 1, 0£y£ 1, 0<sz£ 1) 
semiconductor layer through a growing process 
that employs a carrier gas substantially made of an 
inert gas and a material gas containing an organic 

30 metal gas ad a ammonia gas. and a process of 
leaving the formed structure in an inert gas to cool 
by itself just after the growing process. 

8. The method of manufacturing a blue light emitting 
35 element of claim 7, wherein the activation ratio of p- 

type impurities is 7% or greater. 

9. A method of manufacturing a blue light emitting ele- 
ment having a sapphire substrate, an Al a Gat,N (a + 

40 b £ 1, 0 fS a <. 1) buffer layer, an ln x Al y Ga z N (x + y + 
z£1,0£x£l,0£y£l,0£z£1) semiconductor 
layer having a first conductivity type, an ln x Al y Ga 2 N 
(x + y + z£l,02Sx£l,0£y£l,0£z£l) semicon- 
ductor active layer having the first conductivity type, 

45 and an ln x Al v Ga 2 N (x + y + z^1,0^x^1,0^y^ 
1, 0 £ z <, 1) semiconductor layer having a second 
conductivity type, comprising the step of forming a 
p-type ln x Al y Ga z N (x + y + z£l,0£x£l,0£y£ 
1, 0 ^ z £ 1) semiconductor layer through a growing 

so process that employs a carrier gas substantially 
made of an inert gas and a material gas containing 
an organic metal gas and an ammonia gas, a proc- 
ess of leaving the formed structure in an inert gas to 
cool by itself just after the growing process, and a 

55 process of heat-treating, at a temperature of 400°C 
or higher, the formed structure that has been 
cooled to room temperature. 

10. The method of manufacturing a blue light emitting 
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element of claim 7, wherein an ammonia gas is 
introduced during a part of the natural cooling proc- 



11. The method of manufacturing a blue light emitting 
element of claim 10, wherein a part of the natural 
cooling process is carried out between a growth 
temperature and 350°C to 600°C. 
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[0 0 3 7] H4»a*»^Offl©lllfi»JBTr*««Jl6^ 

•f h 5 o o ©Mift»fMST^-g.. z.(Dffimmffim& 
errs. 

[0038] sr. mmvcfr&£zmycft*tei:z\\,rc 30 

c Soffit Lfc-y-^r'TT'SS 5 0 1 SMOCVDg 

Srtcoin^plffi7S:-y-t:y^±lc«B-rs. £©*§#©;&n 

[0 0 3 9] iO*73"f7SS5 0 1 1 0 L 

/#8SL,ft;&tS, l l o o*c, l o ftm&.<D$MB.m&ia 

[0 0 4 0] ^IC. IS*5 5 0'CSTfiTSli-r, * 
**15L/», gi£5L/^, 7>^7S10L 
/». TMG (hU *3\)k*fU >7A) $2 5cc/»T 40 
4^P=1MbT, IS30nmOGaN/\'y7rl50 
2£»j*bfc. 

[0 0 4 1] TMGO«»S#±l/, 5 01C/^ 

£TF©»frTri i o ccirs-raufc. noi^ojHfijfi 

[0 0 4 2] ^d. fflflES 1 1 0 OtTrfiWl,, 7jtSfi£ 
15L/», gi$5L/», 7>*^7*10L/ 

TMG£ 1 0 0 c c 6 0 Mlft^lT, g<b 

#'Jfa*MI¥#<*: (CaN) OW7rI5 0 3 50 
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[0 0 4 3] #;\Z> ja&£ 110 0*CT7««Fbfc*S, 
JOS|-;tf;U;:->5>#7. 1 0 c c/ft&fiQjlTZZlZ 1 3 
0#IHKfc*&bT. NiGaN3>^!> h*ftAi5 0 4 
5:f$4mmtMLfc. 

[0 0 4 4] TMG, ~>7>#X*«ktf*sfi©& 

»6ffilT7 8 Ott-Pifil/fc. 

[0 0 4 5] ^K. fig£7 8 0rTGU#bfc££. ^ 
3142 0 L/#, *5fl£ 1 0 0 c c/#. 7>tZ74 
10L/», TMGJ12cc/^ TMI (hU*? 1 
;K>S?£7A) S150cc/», ->7^X£3cc 
DMZ <5**yjW5»^) ft2 0cc/»T6» 
M0«&bT. J?£0. 2(tmOj8jt|T*«lnGaN 
5 0 5 b&. 

[0 0 4 6] #.\Z, tt*2 0 L/Sh 10 0c 

c/#. T^nT^l 0L/#Sitb&;$*£>. 1100 

[0 0 4 7] JfclC, *ag£ 110 0 U 
2 0L/», *3t£ 1 5 0 c c 7^74 10 
L/#\ TMGSlOOcc/^, Cp2Mg (->^D 
^>?i?IZ;P7^^>"7A) *5 0c c/^TM 0# 
FflS£bfea*£, ff£ 0. 3 tfmOPlG aN3^? h 
O 6*»«L-fc. 

[0 0 4 8] *aa6«fc*V>TttPfflJittlJi2:L;fc 

•5. d ©«£-«. 3>^hJg£GaN, SEAM 4 A 1 
GaNiU *VJ7il^ftAl < l;t)fc3>^^M 

©tj < -r-g. c t *»a* l 

[0 0 4 9] ^{C. imSI«3 0 L/ftiZWDm 

*.Tfc»*"TrR»bfc. cci^^scei. psjg 

aNffTHMgig 3 xlO' ' cm" s IT. fgfefcm 
8%£^bfc. £©»£-©8H£fls2(5fctt, T9±Zf*Wk 

SE^Mg at&^ft: b &*>©-«&»-*"**>©£ "T * . 

— 7j. P??aB#©#Stffi«£ 4 0 0tSTO«ItIl2 0 
L/#. 7^-74 10 1/^ 4 0 0t^5ii&J 

t*^*©*3 o L/^trfT^toTt), ffite-fb^ra 7 % 
[0050] — mz&fcxvy&m^mmzfc&mmt 

©raS*«*«*«, ■?-©l»±»Crag3i-?-© i &©«fc»J fc^ig 

K*T**;Mt©J!MP#ffiT*T#*b<&V*. Mft 
Cte. SI2 iCttbTT^^T 1 ©»]-&Sft*tAv^d 

[0 0 5 1] £©«fc?»CbT^/£bfcJI&igtK:oV>T. 
7 5 0=0. l^©^fflS*M-rcii:l'«fct), PSJ15 0 

6©*^U7***$5K:iiJns-e-«»i:t*fr#, 2x 

10' 7 cm" J © PS/^S$HS-r«. C <fc*<T*&. 
[0 0 5 2] ^Jr. JM±©«t-5trbT^Lfcil«Jt 
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£. SiO, fct'T/t:?— ~>ifL, CI, CtliZ 
BC1, ^mX1t,-J3^tS.E^tm^X, SJS14-f *>X.y 
(R I E) &T-g|5£NSGaNJI5 0 4#t£iB 

[0 0 5 3]#f£. PS15 0 6iZtt?Z>W.mtVT. 
N i £: 2 0 nm, &£4 0 0 nm (0*5 10), ^fcj 

fc, Nfif 5 0 4 CiW5Mil/TT i42 0nm, 

4 0 0 nm (0«p 5 11) £Jgj&bfc. PMJl^© 
*«£bTtt, N i/Au©«H*ffi©«fl>fc, Pd, 10 
Ti, Pt, In©#I, <&3V>«N i -^AuSrg-ifcfc 

te, Ti, AuOB*C Al, InOllI, 

[0 0 5 4] #i\Z. PStl5 10±l;S iO, fcg© 

[0 0 5 5] SStt^'f*— HICOViTK 

91b*:**, *»9f©$gttpa!JBo«jfi'xaTr**o 

-1ftf>bnItlT*-5. 20 
[0 0 5 6] 05£#MbT, C<D£3&4mflci'— !f 

[0 0 5 7] 05 IC^T=tplrit7r--firSS7 0 1®. 
±»C, Sftj? 'J ^A3R*i#ny 7 r I 7 0 2 . ftfcif 
l J'?ASNS^*3>J'i'h-l7 0 3, ttfttfUPA 

y h*s 7 o 5 . mcMv v&m^mfcistfimjg 706, 

tWJt>AHPI¥t#^7y KI7 0 7, g{b#'J 
<7AJSPS¥g#/l7 0 8, gfbtf'j ^A^PS^ft: 

§7 0 9, &it#vo&mFwi¥-m#zi>?>7 M7 1 30 

[0 0 5 8] Zl^-efe04©^Ji:|W|^(c, 

2 hm 7 0 3^®tr^fcn-g>*-cx-/^>^b, @m 

Lfcaii^e.Ti, Au, Ti. A u ©Jd^"^® 

Ojim, 4000 A. 200 (im, 1 /im-e&-£>. X, 
^'J>?ASPS¥iftD>^^H7 1 0©±lC 
«, SiO, I^lTPIfg7 1 1$, T*^P 

t, Ti, Pt. T i ©JOWsTrSUBlxTJBJfcbifc. 40 
*§•&©/? **2 0 0 wm, 4000 A, 200/x. 
in, l/imf»5. PltS7 11lt TfrSPd. T 

i, Pt. Ti£, £©Hjrrr»«bT»fifcbTt>J: 
^©^©JP^-te, ^ 2 0 0/im, 4000A, 
2 0 0 Mm. l/imt$5. 

[0 0 5 9] g«U^A^fl*M§7 0 6lCfflV> 

(x) Ga(l-x) Nfb^!l¥£#£fflV>TV>5. 

x = 0.05, y = 0.95©t>©£2 5 A©J9#.K1, X, 
x = 0.20. y = 0. 80©&©£2 5 k<DW^f-\Z^ 3zmz 50 
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2 0««H£«JiU #IOlf#F*JgJi!cbT^5. 
[0 0 6 0] f OffiCgft^'J ">A3g^*IHG a N 
£S*<hbTi5 9, P*-«0!Ix.«+l-7r'firS«7 o l 
** 7 0 /t m. jaMfctf U ^AlfSftA ^77l7 0 2*< 
5 0 OA, g{b^U I 7A^NS^#:n>^^ hH7 0 
3*«4tfm. aft#ytfAJfcNS!¥JIMWS7 0 4# 0.3 
itm, fift^fU«>A*Nffl*j|»flc^9y Kg 7 0 5 #0. 
2tfm, gYbtfU^A&PS^gti^^.y KB 7 0 7^ 
0.2^m. SWJ9AfPI#i*l7 0 8# 0.3 y 
m, £fb#y?A^PS¥*#JS7 0 9# 0.9 wm, £ 
flS*fy*AJRP3!iMI#:j>** H7l0#0.1tfm 

[0061] x. w&5»^«. «*.«, SMb#y * a 

INS¥i*3>^^H7 0 3*52 xl0"cm- J . 
^f'J7A^Nl!*l#I7 0 4*l5 xl0' 7 cnf\ g{b# 
•J7A^NSf®^5yHl7 0 5# 5 xl0"cm\ 
mt#Vt>&mPM¥m#i7yy FI7 0 7A15 xlO" 
cm" 3 , afttfUtf AJRPffli|MM|£Jl7 0 8 # 5 xl0"cm 
" J . «{b»U7A«PS!¥iftf 7 0 9*1 3 xl0"c 
m". «<tafy^A3BPai*l»flc3>^i/ M7 10tf 
2 xlC'cnf 

[0062] x, mfc#\)vj**pm*mi*m7 oss 
-rauibfc&prc. *fl3#y^A*NS!if*ii»*3>^^ 
M7 0 3^-dK^^^r>^y^>ifm-C^y^>if 
b. Z nT?il;lftm.hbfcGaNJf £x^>^bfcSB# 

jfi*0 6IC^T. uITilffiSiGaNl8 0 0 (Ctt. 2 
x 10"cm- s (DZn*i*X^tlTVi-5o 
[0 0 6 3] 

[5691 ©86*] fi£oT. *fgBj{cJ;^^b^y^A^b 

[0 0 6 4] x. *fg^=tn«, &x&mw*:g<wfi 
[ia®©fewd:ga^] 

[01] &ftWiz£Zg.ibXVVL>% ! fc&®¥mten& 
[0 2] **WfcJ:*afl:i!fy'>A*fl:-&*2f £ i»*Kre 

»^^-f *- H©*»#f» fvmmm *Mf&?z> c d 

[0 3] *fSWic«t5^b^y7A^t;B-#(¥^Wfe 
[04] **^cj:*aft:^fyf A*fl2^«¥*#ire 

[0 5] &&Wiz£Z&{kXV 9AXflsd-tt¥«flcfffi 
0. 

[0 6] ^H^ici^^b^U^A^fb^^^Wfe 
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2 0 Xffi^^>;x 
2 i 

2 2 SJStfT.gA* 
2 3 

10 0, 20 0, 50 1, 701 •9"7r<-V'a« 
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1 0 1, 2 0 1, 7 0 2 gffctfU ^7A^NS>¥«#7\* 

102, 504, 703 gfetfU^A^NM^gflrn 

1 0 3, 2 0 2 gft#y£A*NgiNMWi 

104, 505, 706 Sfb#U£A*¥tlifWgttJi 

1 0 5, 2 0 3 gfbtfU ^AJSPS^gttJI 

10 6, 710 gW^A»PS¥t*3>^^F 

a 

10 107, 108, 204, 205, 512 ft® 
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